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Gamma-ray Burst (GRB)
• Merger of two compact objects or collapse of a massive star.
• Collimated relativistic outflow.
• Prompt keV-MeV emission, afterglow in other wavelengths.
• ~ once per day, isotropically distributed.
Gravitational Wave (GW)
• Merger of two neutron stars observed in 2017 — GW170817:
• 1.7s after merger, GRB 170817A detected by Fermi-GBM and triggered 
extensive electromagnetic followup resulting in detection of a kilonova.
• First association between gravitational wave and short gamma-ray burst 
from a binary neutron star merger.
LOCALIZATION AND BROADBAND FOLLOW-UP OF GW150914 5
Figure 3. Footprints of observations in comparison with the 50% and 90% credible levels of the initially distributed GW local-
ization maps. Radio fields are shaded in red, optical/infrared fields are in green, and the XRT fields are indicated by the blue
circles. The all-sky Fermi GBM, LAT, INTEGRAL SPI-ACS, and MAXI observations are not shown. Where fields overlap, the
shading is darker. The initial cWB localization is shown as thin black contour lines and the LIB localization as thick black lines.
The inset highlights the Swift observations consisting of a hexagonal grid and a selection of the a posteriori most highly ranked
galaxies. The Schlegel et al. (1998) reddening map is shown in the background to represent the Galactic plane. The projection is
the same as in Fig. 2.
instruments, depth, time, and sky coverage. Some optical can-
didate counterparts were followed up spectroscopically and in
the radio band as summarized in Table 2. The overall EM
follow-up of GW150914 consisting of broad-band tiled ob-
servations and observations to characterize candidate coun-
terparts are described in detail in Sections 3 through 5 of the
Supplement (Abbott et al. 2016g).
Findings from these follow-up observations have been re-
Increasing Sky Coverage and Localization Improvement
Gamma-ray Bursts and Gravitational Waves
• Current Fermi-GBM is the most prolific GRB detector, it has a sky coverage of 
~70% and location precision no better than a few degrees.
• Adding another instrument in a different orbit will increase the number of GRB 
detections and improve localization via arrival time difference.
• The Interplanetary Gamma-Ray Burst Timing Network demonstrated an average 
improvement by a factor of 180 relative to Fermi-GBM when combining with 
additional detection from another spacecraft in a different planetary orbit.
• Why near the Moon: 
• Low Earth Orbit is <0.1s, improvement to only top 5% brightest short GRBs.
• Cislunar space can improve localization for 20+ short GRBs per year, more 
if searching below trigger threshold events in continuous data coincident with 
triggers from another instrument.
• A reduction of  >50% in localization area is achievable for short GRBs with 
average brightness at a baseline angle of 45deg.
• Outside of the Tracking and Data Relay Satellite (TDRS) network, data 
downlinks delay prevents rapid followup.  In cislunar space, fast communication 
is still possible with current technology and limitations.
Most instruments have 
small viewing and rapid 
followup is difficult when 
localization area is large. 
Right: Tiling observations 
done by different 
instruments for the first GW 
detection sky contours 
[ApJL 826, L13, 2016].
Moon Burst Energetics All-sky Monitor (MoonBEAM) is a CubeSat concept of deploying gamma-ray detectors in cislunar space to improve 
localization precision for gamma-ray bursts by utilizing the light travel time difference between different orbits. We present here a gamma-ray 
SmallSat concept in Earth-Moon L3 halo orbit that is capable of rapid response and provide a timing baseline for localization improvement 
when partnered with an Earth-orbit instrument.  Such an instrument would probe the extreme processes in cosmic collision of compact objects 
and facilitate multi-messenger time-domain astronomy to explore the end of stellar life cycles and black hole formations.
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Joint scientific results
• Tightest constraints on speed of gravity.
• Constraints on neutron star equation of state.
• Open questions: merger and jet geometry,  
intrinsic properties, population characteristics.
Credit: NASA/GSFC, Caltech/MIT/LIGO Lab
1+ second
Localization area reduction relative to Fermi-GBM assuming 
385,000 km baseline for short GRBs with different intensities.
MoonBEAM
• 12U CubeSAT designed with high TRL components, 
most are already flight tested.
• 2-year mission duration, 1-year minimum.
• Earth-Moon L3 halo orbit provides a baseline of 
0.3-2.1s when paired with an Earth-orbit instrument.
• Science instrument consists of 5 detector modules 
positioned in 5 of the 6 sides of the instrument.
• Each module will contain a 12.7cm x 12.7cm NaI 
scintillation crystal coupled to an array of Silicon 
photomultipliers.
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